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e e SIS SUMMARY REPORT - Raliows Tunnel Fuol Tank

This Summary Report 13 balng submitted In compliance with ths requiremants
of Contract NAS5297 end will summarize the findings made during the perform-
ance of this contract.

ODurlng the production of this Assembly Number 3303324, Procurement Specifl-
catlion !tumber 60024450, only two sianlficant Imnrovements were found noces-
sary, one being tho addition of a pneumatic leak tost as part of thae accept-
snce testing, the other belng the delation of the aluminum foll wrapoing of
the assembly for shipment. It was found neoassery to add a pneumatic leak
check of 7.5 +2.3 nslqg to tha acceptance testing of the assambly whon a loak
in & unlt was detectod during the Instaliation at the George C. Marshall
Space Fllight Center, Huntsviile, Alabama, The lesk occurred in the neck of
the convolutions in the straight section that attaches to tho tlange. flo
officlasl renorts or photoqraphs of tha fallure were recslved by Stainless
Stee! Products, therefore a comnlete description and onalysis of the dotect
cannot be glven, It is recommended on asserblles or systeams that require
only & low pressure hydrostetic test the addition of pneumetic lsak tes?t to
the speclficetion requirement, since 8 low pressure hydrostatic test s

less likaly to detect the pressure of & very minute defect.

- The problems crested by the usa of aluminum fol | wrap In the packaging
operation vere discovered when units taken from storage were contaminated
by # bleck substence |ater detarmined to be aluminum oxide, The use of a
aluminym foll Is requlred by Paragraph 3,2.!! of SFC-Spec-164, consequent-
Iy It 1s recommended for lonag=time storane 1tems requiring clesning and
packaqing, an alternate wrapping material which does not create a serflous
slectroiytic action caused by qreatly dissiml iar metals, should be added to
the speclfication.

A nurber of mlnor problem sppeared during the oxecution of tha menufactur-
ing processs requlrad by this contract, however, the resolution of thase
problems were handled with relative simnliclty In an expeditious manner,

J As ewpected on an assesbly of this tyna thae real diftlcuities wore encounter-
’ ed during the performence of the Qualificetion Testing, Although the problems
| ware malinly related to the extraneous oquipment used to simulate nominal
vehicle Installation durlnn the tasting of thig tunne! ballews asserbly, It
Is balng reported because of its significance.

C While sngulating the assembiy +1.3° from nomlnal In accordanca with the ro-
qui rements of the vibration test (Para. 4.3.4.2.d.1) an Intertaronce was
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the outside of the aluminum tunnel which during Inatallation paases through
the tunne! dellows assemdiy. To sliminate this Interference condition, It
requl red that the dellows Inside dlameter ba Incresssd to allow more clear-
ance In the Instelled condition. A retast of the re—-deslgnad bellows
orovad that this imnrovement solved the clesarance problem,

Further quallfication tg_s’f difticuities were exporienced during the axial
cycling test with respect to the operation of the Teflon Fuel Tank Tunnel
Deoring (60724504), the Fuel Tank Upper Tunnel (608324419), and the Fuel
Tonk Bollows Auserdly (60824450)., ¥hen tho tamparature of the test set-up
vos brought o (=)i30°F !t wes discovered that the taflion bearing contract-
od more raplidiy than the aluminum tunnel, causing the bearing to grip the
tunne ! and prevent a smooth operation of the assembly, At this time, @
consultation dbetween the Goelng Englineering representatives and the Stain-
less Steel Products representative declded that the desicn ot the bearing
and tunne! was [nadequate for the type of otion during the low temparasture
servico and a temporery change was mede to the bearing to ald In the de-
velopment of & design lmprovement,

Bosing Fleld Engineering decided at this time to split the ring so thet
i coulid not grip the tunne! during operation, This was done Immediately
end the re-wroked bearing wes sssemd led back Info the Ttest sasendly and
the 2aat ves agein sterted. At this time the bearing did not grip the
tunne |, however tha clesrance caused by the more rapid contraction of the
tesring away from the Type 347 ctainless stee! sea!l flsnge aliowed the
bearing to move back and forth with tha tunne! and create a "slapping”
action of the bearling sgninst the seal flango, A second consultation do-
ternined that a more extensive re-~des!ogn would be required snd tasting
vas temporar!ly suapended.,

On recelpt of £,0. 303 to Specltication 6024450, Stalnless Steel Products
mod! fled the seal fiange of the tunnel bellows ssserbly by the drillling of
16 holes and tapping them for haticoll Insertion around the sphorical
bsaring surface. While this work nas belng performad, Harshall Space
Fllght Conter moditlod the bearing by cutting I+ into four sections and
drt1iing holes which facliltated the attachment of the four sections to
e spherical surface of the seal flanqgo,

The moditiad bearing was assesbled Into the tunnal beliows and the Qualli-
fication Teating was agaln parformad, this time without ditficulty. ATl
future assenblles wers manufsctured In tho sama way as tha qualified unit
which Included E.O0.1,E,0, 301, 302, and 303.
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DESIGN AMALYSIS

Buckliing from External Preasure

Whan = ballovs |s nressurlzad axternalily, It bucklias In the same manner
a8 o thin cylinder, Theretore from

P = 2 ton O
cr — sb

Wherea € = Youngs Modulus = 29,000,000

v = Polsson's Ratio ® .34
T = [/0.0.2 ¢ 1.0.2 V% «/29,9% 27,45 {/?
2 2 /
U = 28,62 inches dla,
T3 e 2ANA = 2x.025x | x §.,228°
‘b f [ L) E
Plech 666
fw3 = 138
Pep = 2% 29,000,000 x .138
(1-.342) x 28,62
P, = 386 pslig '

The critical fallure polnt because of the extarnal loading, will be the
end convolution on either end of the ballows due to the carry-dack end

moment of the neck attachmant to the end fimnges., This condition will

cause a reduction of collspsing pressure of 70% resulting in an actusl

pressure of 120 nsiq (determined from previous test data).

Collapsing choractaristic of the baellows necks or end attachment sleeves
has been maintained by canping the bellows nacks over the end attach-
ment fianages thus allowing the end flisnges to support the Imposed load.
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tn this configuration the bellows fatigue cheracteristics will be as
fol lows1

Yotton stress ot = 41400 x 10 x tXS7 (assuming compliete elastic

2 characteristics for each of
N h
G caiculations)

et = 41,4 x 10° x 025 x 4 = 91,960 Ibs/aq.in.
1.22571: 30 '

From the Cycle Lite Curve 1t Is clearly Indicated that the requlred
motions are well within the capabitities of this pvellows,

Spring Rate Z = Ny x Ks 33.6 x 105 x D) x 3

3
He b

2z, = 1 x 1 x 336 x 10° x 27,45 x .025°
30 x 1,2293

- - - ) Spr'ng aﬁo za - 26' 'bs,‘"-

Thicknass requlred to provent dafomaﬂon»éf convolution slidewalls

+ =P x hz
7 "ﬁ.’,mf

t « [55 x 1,225
2 x 120,000

*+ = 01859 Inches

The preceding calculations are based unon formuiae from techanical Design

of "Stalnleas Steel Deliows, Stelnless Steel Products, Inc., and show that

the beliows design conforms with ali the requirements contasined In Doeing

Specl ficetion 60824450, Since a similar unit was qualltied for the Marshall
- Space Filght Center, !+ can be stated that al! precading calculations have
been ver!fled by testing.




